The "two-hit" hypothesis has been elaborated to explain the pathogenesis of nonalcoholic fatty liver disease (NAFLD).\[[@ref1]\] Genetic variation in lipid metabolism is the first hit. One enzyme is the microsomal triglyceride transfer protein (MTP). It regulates synthesis, storage, and export of hepatic triglyceride content. Low levels of MTP result in failure to excrete triacylglycerol from the liver and hepatic steatosis. A genetic variation of the MTP gene affects the susceptibility for the development of NAFLD.\[[@ref2]\] A common genetic variation of the MTP gene is --493 G/T polymorphism.\[[@ref3]\]

An excessive free fatty acid oxidation leads to oxidative stress causing hepatocyte apoptosis and liver injury is the second hit. Manganese superoxide dismutase (MnSOD) is the main reactive oxygen species (ROS) scavenger in mitochondria. A 1183 T/C polymorphism in the mitochondrial targeting sequence of MnSOD gene leads to a less efficient transport of MnSOD to the mitochondria and increases the susceptibility for the development of NAFLD.\[[@ref3][@ref4]\]

The aim of the current study was to examine the frequency of the MTP gene --493 G/T polymorphism and the 1183 T/C polymorphism in the mitochondrial targeting sequence of MnSOD among biopsy-proven NASH patients.

PATIENTS AND METHODS {#sec1-1}
====================

This cross-sectional study included 76 children that were referred to the Pediatric Endocrinology Unit at Cairo University Children\'s Hospital for medical assessment of obesity. The study was approved by the university ethical committee and the patients were enrolled after obtaining an informed consent from their parents.

Patients {#sec2-1}
--------

### Inclusion criteria {#sec3-1}

Simple obesity, both sexes, age 2--15 years

### Exclusion criteria {#sec3-2}

Patients with known disorders to cause fatty liver (eg, HCV, diabetes, glycogen storage disease, and Wilson\'s disease), long-term use of drugs known to cause steatosis (eg, glucocorticoids, aspirin) and any case with syndromatic obesity

Controls: Twenty healthy age- and sex-matched control subjects were included for insulin and C-peptide estimation as well as molecular studies.

### Methods {#sec3-3}

All patients were subjected to the following

Full medical history with special emphasis on nutritional history, drug intake, symptoms of liver disease, diabetes, and family history of liver disease.Thorough clinical examination includingAbdominal examination with focus on liver examinationAnthropometric assessment including the following: Height (Ht), weight (Wt), body mass index (BMI) (Wt in kg and Ht in m^2^) were plotted on Standard Egyptian growth curves.\[[@ref5]\] In children and adolescents, BMI \> 85^th^ percentile is defined as overweight and BMI \> 95^th^ percentile is defined as obesity.\[[@ref6]\] Subscapular skin fold thickness was measured by skin fold caliper (Holtain LTD, UK) and was plotted on Egyptian growth curves. Waist circumference (WC) and hip circumference (HC) were measured and waist/hip (W/H) ratio was calculated.\[[@ref7]\] The W/H ratio was considered abnormal if \>0.86.\[[@ref8]\]

Ultrasonographic abdominal examination was performed for all the enrolled patients by a single sonographer following not less than 8 h fasting using FFsonic (UF-4100, Fukuda Denshi Co, Tokyo, Japan) UF-4100. Liver echopattern was graded according to Mottin *et al*.\[[@ref9]\]

### Percutaneous liver biopsy {#sec3-4}

Forty-one patients were indicated for liver biopsy: clinical hepatomegaly and/or elevated liver enzymes and/or increased liver echogenicity by ultrasonography. However, it was obtained in 33 patients only due to parental refusal. All patients were examined by a single pathologist.

The main histologic features commonly described in NALFD/NASH, including steatosis, inflammation (portal and lobular), hepatocyte ballooning, and fibrosis, were scored according to the scoring system for NAFLD.\[[@ref10]\]

Laboratory investigations {#sec2-2}
-------------------------

### Sampling {#sec3-5}

Laboratory investigations were performed in the morning, following a not less than 12-h fasting period. Blood samples were collected as follows: fasting clotted samples for lipid profile and liver functions and EDTA blood for DNA analysis.

### Routine laboratory investigations {#sec3-6}

Serum triglycerides, total cholesterol (total-C), and high-density lipoprotein cholesterol, fasting blood sugar, total bilirubin, direct bilirubin, alanine transaminase, aspartate aminotransferase, alkaline phosphatase (AP), and gamma-glutamyltransferase, were estimated using commercial kits on the synchron CX5 analyzer from Beckman Instruments Inc., California, USA. Low-density cholesterol was calculated using Friedewald\'s formula.\[[@ref11]\]

### Special laboratory investigations {#sec3-7}

Fasting serum insulin and C-peptide measurement using a commercial solid phase chemiluminescent enzyme immunometric assay (IMMULITE 2000, Diagnostic Products Corp. IL, USA).\[[@ref12]\]

Insulin resistance was calculated for both patients and controls using the following equation:

The homeostasis model assessment method (*HOMA-IR*) = \[fasting insulin (*µ*U/mL) × fasting glucose (mg/dL)/405\].\[[@ref13]\]

PCR-restriction fragment length polymorphism {#sec2-3}
--------------------------------------------

Determination of MTP and MnSOD genotypes was performed for 8 and 7 patients with histologically proven steatosis and NASH, respectively, as well as for the controls.

Genomic DNA was isolated using the standard salting out technique.\[[@ref14]\] The following primers were used, 5'-GGATTTAAATTTAAACTGTTAATTCATATCAC (forward)5'-AGTTTCACACATCAAGGACAATCATCTA (reverse) for the MTP polymorphism and 5'-ACCAGCAGGCAGCTGGCGCCGG-3' (forward) and 5' GCGTTGATGTGAGGTTCCAG-3' (reverse) for the MnSOD polymorphism.This was followed by HphI and NgoMIV restriction enzymes digestion for MTP and MnSOD polymorphisms, respectively. Restriction fragmentswere then separated on 3% agarose gel and sized by comparisonto a DNA step ladder Puc 18 (Promega. WI, USA). This restriction digestion, in case of --493 G/T MTP polymorphismgives rise to one full-length fragment of 109 base pairs (bp) for homozygotesfor the T variant, two fragments of 89 and 20 bp for homozygotesfor the G variant, and three fragments of 109, 89, and 20 bpfor G/T heterozygotes. As for the 1183 T/C MnSOD polymorphism 107 bp with C allele (Ala) was digested into two fragments (89 and 18 bp), whereas the PCR product with T allele (Val) cannot be cut by NgoMIV.\[[@ref3][@ref15]\]

Statistical methods {#sec2-4}
-------------------

The statistical package for social sciences (SPSS, version 10.0; Chicago, IL, USA) was used for data management and analysis and Microsoft power point for charts. Parametric quantitative data were presented as mean ± SD and compared by Student\'s *t* test. Nonparametric quantitative data were expressed as median (range) and compared by Mann--Whitney *U* test. Qualitative data were expressed as frequency and percentage. Risk estimate was done by odds ratio. *P* value was considered significant at 0.05.

RESULTS {#sec1-2}
=======

Our study included 76 patients: 37 were overweight (17 males and 20 females) and 39 were obese (21 males and 18 females). Their age ranged between 2 and 15 years with a mean of 7.7 ± 3.5 years.

[Table 1](#T1){ref-type="table"} shows the comparison of insulin, C-peptide, and HOMA-IR between patients and controls. The patients had higher values of fasting serum insulin, insulin C peptide, and insulin resistance using HOMA ratio.

###### 

Comparison between patients and controls with regard to insulin, C-peptide, and HOMA-IR

![](SJG-17-265-g001)

Five patients (6.5%) had clinical hepatomegaly and 22 patients (29%) had elevated aminotransferases levels. Otherwise, gamma glutamyltranspeptidase (GGT), alkaline phosphatase, serum total protein, albumin, and total bilirubin levels of all the patients were within normal limits. Forty-one patients (54%) had echogenic liver parenchyma by ultrasound.

A percutaneous liver biopsy was obtained in 33 patients: 18 cases (54.6%) had normal liver histology, 8 cases (24.2%) were diagnosed as fatty liver (simple steatosis), and 7 cases (21.2%) as NASH. A significant association between the grade of hepatic echogenicity by ultrasonography and the degree of hepatic steatosis as determined by biopsy (*P* \<0.0001) was found \[[Table 2](#T2){ref-type="table"}\]. Similarly, a significant association between insulin resistance and the degree of hepatic steatosis was found (*P* \< 0.0001). Six out of 7 children (86%) with NASH had insulin resistance.

###### 

Relation between grade of liver echogenicity and result of liver biopsy

![](SJG-17-265-g002)

The frequency of the polymorphism resulting in a G/T substitution in the sequence of MTP as well as that resulting in a T/C substitution in the MnSOD mitochondrial targeting sequence was studied among the NAFLD patients as well as in the healthy controls \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. As regards MTP (--493 G/T), no T/T genotype was detected in either the NASH or the simple steatosis groups. Combining the MTP G/G and the MnSOD T/T genotypes, a significant risk for developing NASH was obtained when compared with the control group (odds ratio \[OR\]: 54; 95% confidence interval \[CI\]: 4.1--707; *P* = 0.001).

###### 

Odds ratio of MTP and MnSOD genotype in simple steatosis and healthy controls

![](SJG-17-265-g003)

###### 

Odds ratio of MTP and MnSOD genotype in NASH and healthy controls

![](SJG-17-265-g004)

Sixty percent of NAFLD patients having a G/G genotype for MTP (--493 G/T) had a high triglyceride level (\>150 mg/dL). A significant association between the G/G genotype and high triglycerides level was found (*P* = 0.01).

DISCUSSION {#sec1-3}
==========

Childhood obesity is the new pandemic of the new millennium, with significant adverse effects on childhood health. The prevalence of NAFLD is increasing in parallel with the growing proportions of childhood obesity. The prevalence of NAFLD among children is unknown, but some data indicate that 2.6%--9.6% of children have NAFLD, increasing up to 38%--53% among obese children.\[[@ref16]\] NAFLD prevalence in this study was 20% (10.5% simple steatosis and 9.2% NASH). This prevalence could have increased if biopsy was performed in all biopsy-indicated patients. Similarly, de Silva *et al*.\[[@ref17]\] reported NASH prevalence of 18% among obese patients. Higher frequencies were reported by other authors.\[[@ref18]--[@ref20]\]

Insulin resistance was assessed by measuring fasting serum insulin level, glucose, and calculating HOMA-IR. Eighty-six percent of our NASH patients were found to have insulin resistance, which plays a key role in the development of NASH.\[[@ref21][@ref22]\]

The pathogenesis and progress of NASH remain unclear and the most advocated theory is the "two-hit hypothesis."\[[@ref1]\] Briefly, the first hit is the deposition of fatty acid in hepatocytes triggered by different factors, whereas the second hit is the concomitant liver damage induced by oxidative stress and lipid peroxidation. The fact that NASH is observed only in a fraction of patients with NAFLD suggests genetic predisposition to this disease. Remarkably, the NASH patients included in this study had both an increased frequency of the G allele (92.8%) and of the G/G genotype (85.7%) of MTP, indicating a genetic background favorable for the development of steatosis. This is in accordance with the study by Namikawa *et al*.\[[@ref4]\] who showed an increased frequency of the G allele (91%) and of the G/G genotype (83%). No T/T genotype was detected among our NASH patients. This was also observed in the work of Namikawa *et al*.\[[@ref4]\] who did not find any T/T genotypes among their NASH patients, but in partial agreement to the work of Gambino *et al*.\[[@ref23]\] who found a 66% G/G frequency among NASH patients and a T/T genotype of 7%.

The frequency of the G/G genotype among the simple steatosis group was significantly higher than that in healthy controls, which makes them more prone to develop NAFLD (OR: 9.4; 95% CI: 1.4--62; *P* = 0.022). The G/G genotype in the MTP promoter would render a patient more susceptible to steatosis. Similar results have been described by Bernard *et al*.\[[@ref2]\] who demonstrated that the MTP G allele confers genetic susceptibility to liver steatosis in patients with type 2 diabetes.

The impact of the G/G genotype as a susceptibility factor to steatosis is proved by the fact that 100% of NASH patients carrying the G/G genotype had elevated triglycerides levels (\>150 mg/dL) (*P* = 0.01). These findings are consistent with the current understanding of NASH pathogenesis. The G allele has been previously shown to produce less MTP gene transcription than the T allele.\[[@ref2][@ref4]\] Less MTP activity, in turn, would lead to less triglyceride excretion, and greater accumulation of lipid inside the hepatocytes.

Having dealt with the first hit, analyzing another gene that could possibly confer predisposition to develop a second insult, such as oxidative stress, has been performed. One enzyme that is important in detoxifying mitochondrial ROS is MnSOD. A limited number of polymorphisms have been described for MnSOD, including a T/C polymorphism in the mitochondrial targeting sequence leading to a valine-to-alanine amino acid change. In turn, this amino acid substitution may alter the helical structure of the mitochondrial targeting sequence, enhancing transport and increased localization of MnSOD into the mitochondrial matrix.\[[@ref4][@ref24]\] This localization pattern may increase the ability of MnSOD to process superoxide anion produced in the mitochondria, and on the contrary, the presence of valine would be associated with increased generation of ROS. In agreement with this hypothesis, a higher frequency of the T/T genotype was observed in our NASH patients in comparison to the control group (100% vs 45%). A higher frequency of the T/T genotype among NASH patients was also observed by Namikawa *et al*.\[[@ref4]\] However, this high frequency observed in our study was not statistically significant. Thus, this group of patients has an increased frequency of genotypes predisposing not only to fatty liver, but also to oxidative stress, one of the factors believed to be involved in severe injury and the development of NASH.

Neither the T/T genotype nor the T alleles of MnSOD (OR: 0.5; 95% CI: 0.3--0.8; *P* = 0.9 and OR: 0.64; 95% CI: 0.5--0.8; *P* = 0.2, respectively) were increased among our simple steatosis patients. Although our results were in accordance with the work of Namikawa and coworkers,\[[@ref4]\] concerning the T allele, they were contradictory as regards the T/T genotype. The T allele was, therefore, not found to impose an increased risk for NASH in the simple steatosis group in the present study.

The exact significance of the polymorphism in the MnSOD gene is still unclear. It is possible that the presence of more MnSOD in the mitochondrial matrix affords a better protection against pro-oxidant stimuli because of a more efficient conversion of superoxide anion.\[[@ref3]\] However, others speculate that under the same conditions, more hydrogen peroxide would be generated, resulting in more severe cell damage. Thus, in many studies investigating genetic polymorphisms it would be important to provide evidence for a genotype--phenotype correlation.\[[@ref25]\]

The combined presence of G/G and T/T genotypes of MTP and MnSOD, respectively, in simple steatosis determines their greater susceptibility to developing NAFLD (OR: 15; 95% CI: 1.9--115.9; *P* = 0.009).

In conclusion, the G/G genotype of MTP may impact NASH by modulating postprandial lipemia and lipoprotein metabolism. Homozygous G/G carriers have a more atherogenic lipid profile than other genotypes. This may mandate establishment of treatment modalities for carriers of this haplotype to prevent progression to NASH.
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